ABSTRACT
INTRODUCTION
Urinary tract infection (UTI) is the most commonly acquired bacterial infection. It poses serious health threat because of antibiotic resistance and high recurrence rate (1) . Antibiotic resistance of uropathogens has been known to increase worldwide and biofilm production being the prime cause. Biofilm are defined as microbial derived sessile communities characterized by the cells that are irreversibly attached to a substratum or to each other (2) . Bacteria seem to initiate biofilm formation in response to specific environmental cues, such as nutrient and oxygen availability. Biofilm are the source of persistent infections of many pathogenic microbes (3) . They are responsible for much nosocomial infection and also associated with medical conditions including indwelling medical device, dental plaque, upper respiratory tract infection and urogenital infection (4) . Both, Gram positive and Gram negative bacteria have the capability to produce biofilm. Biofilm formation allows the strains to persist for long time in the genitourinary tract and interfere with bacterial eradication (5) . The microbial biofilms pose a serious health problem as the microorganisms in the biofilm are difficult to treat with antimicrobial agents (6) . Biofilm production is considered as a marker of clinically relevant infection. Previous observations have confirmed that biofilms are not only resistant to antibiotics but a variety of disinfectants (8) , which emphasizes that their characterization is an important aspect of infection control (9) . Aim of the present study The objectives of this study were:
To determine the adherence and biofilm formation capability of uropathogens by tube adherence method, congo red agar, and microtiter plate assay. And detection of genes responsible for biofilm production in some isolates using polymerase chain reaction (PCR). Comparing antimicrobial susceptibility pattern of biofilm producing and non biofilm producing uropathogens.
MATERIALS & METHODS
The study was carried out in the Department of Clinical Pathology at EL Monofia University Hospital and Microbiology Department at Faculty of Medicine for Girls Al Azhar University during the period of January 2013 to January 2014. The mid stream urine samples were collected in sterile container from 600 patients, suspected to have a urinary tract infection and transported immediately to the laboratory. The samples were inoculated onto Blood agar, MacConkey's agar, incubated for 24 hours at 37°C. Then the isolates were identified on the basis of the colony morphology, Gram's staining and standard biochemical test (Collee et.al., 1996). Biofilm detection was done by using tube method, Congo Red agar method and microtiter plate assay. Antibiotic susceptibility was performed by using the Kirby-Bauer disc diffusion method (10) . Tube adherence method (9) . This is a qualitative method for biofilm detection. The suspension of the strain to be tested was poured into a glass tube which contains Brain Heart Infusion broth and incubated at 37 °C for a period of 2 days. Then the supernatant was discarded and the glass tube stained with 4% solution of crystal violet, washed with distilled water three times and dried. A positive result is defined as the presence of a layer of the stained material which adhered to the inner wall or bottom of the tube. The exclusive observation of a stained ring at the liquid-air interface was considered as negative. Congo Red agar method (9) . The suspension of the tested strains were inoculated into plate which contained a specially prepared solid medium-Brain Heart Infusion broth (BHI) which was supplemented with 5% sucrose and Congo Red. The medium was composed of BHI (37gms/l), sucrose (50 gms/l), agar No.1 (10 gms/l) and the Congo Red stain (0.8 gms/l). Congo Red was prepared as a concentrated aqueous solution and it inoculated and incubated aerobically for 24-48 hours at 37°C. Positive result was indicated by black colonies with a dry crystalline consistency, non biofilm producing strains developed red colonies.
Micro titer plate
Quantitative determination of biofilm production was carried out as described by (11) . Isolates from fresh agar plates were inoculated in in 10 mL trypticase soy broth with 1% glucose and incubated for 24 hours at 37°C and diluted (1 in 100) with fresh medium. Individual wells of sterile, polystyrene, flat-bottom tissue culture plates were filled with 0.2 ml aliquots of the diluted cultures, and only broth served as control to check sterility and non-specific binding of media. The tissue culture plates were incubated for 24 hours at 37°C. After incubation, the content of each well was gently removed by tapping the plates. The wells were washed four times with 0.2 ml of phosphate buffer saline (PBS pH 7.2) to remove free-floating planktonic bacteria;wells were dried for 1 h at 60 °C then 1% solution of crystal violet was added to each well (this dye stains the cells but not the polystyrene) plates. The plates were incubated at room temperature for 15 minutes, rinsed thoroughly and repeatedly with water. Adherent cells, which usually formed biofilmon all side wells, were uniformly stained with crystal violet. The optical density of the wells was measured at 570 nm using micro ELISA auto reader (Sinothinker microplate reader sk 202 , China) . Experiments for each strain were performed in triplicate and repeated three times. An optical density of 0.240 was chosen to distinguish biofilm producers from those that did not form biofilm. Strains that had given readings values more than 0.120 and less than 0.240 were considered weak biofilm forming strains. While strains that had given reading values of less than 0.120 were considered non-biofilm forming strains.
Antibiotic Susceptibility Test
Antibiotic susceptibility test of biofilm producing bacteria was done on Mueller Hinton agar using the following antibiotic discs: ceftriaxone, ampicillin, norfloxacin, cefotaxime, pencillin G, methicillin, vancomycin, ciprofloxacin, amikacin, cotriaxom, Imipenem, sulfamethoxazole-trimethoprime. All antibiotic discs were used against the biofilm producing and non biofilm producing isolates. Detection of genes responsible for biofilm formation in some isolates: The Kit used For DNA Extraction: GeneJET TM Genomic DNA Purifaction Kit (Thermo Scientific, Fermentas, UE). a-Sample preparation:
After an overnight pure growth on blood agar, 2-3 of bacterial colonies were dissolved in 1000 µl of Nutrient Broth water then overnight incubation. 
iii) Detection of Amplified DNA:
The amplified samples were then run on 1.5% agarose gel using gel electrophoresis and visualized on a UV transilluminator to detect presence of amplified material. The voltage applied was 100 volts for 10 minutes then 80 volts for about 25 min. The DNA bands were visualized on a 302 nm UV trans illuminator and photographed.
Statistical analysis
The data were analyzed by using Minitab (statistical soft ware 13.1 Minitab, USA).
RESULTS
Out of 600 urine samples processed in the present study, 320 (53.33%) were culture positive and remaining 280 (46.7%) were culture negative. E. coli was the predominant isolate 140/320 (43.8%) followed by Staphylococcus aureus 51/320 (15.9%), Klebsiella pneumonia 39/320 (12.2%). (Table 1) Out of 320 isolates, 146 (46.5 %) were positive for biofilm production. Among these, major biofilm producing isolate was E. coli followed by Staphylococcus aureus and Enterococcus fecalis. (Table 2) (Table 3) . Congo red agar method was significant with microtiter plate result (P value =0.01%) and non significant with tube method. The difference in biofilm production by the three methods were found to be statistically non significant (P>0.05).
Photo (1) Congo red agar Positive: black colonies Negative: red colonies Photo (2) Micro titer plate for detection of biofilm production. The antibiotic resistance was higher among biofilm producers to commonly used antibiotics as compared to non biofilm producers. It was found that, vancomycin was most effective against Gram positive bacteria and the most effective antibiotics against Gram negative bacteria were imipenem and sulfamethoxazoletrimethoprim (Table 4, 
Genotypic test for genes encoding biofilm foramation:
The 42 isolates of biofilm producres, were selected for molecular diagnosis using PCR. They include (20 staph . areus, 14 enterococcus fecalis and 8 Pseudomonas aeruginosa). The detection of icaD gene of staph. areus and cup gene of pseudomonas by PCR was siginfiacntly related to its detection by congo red agar method, while there no significant relation between detection of ESP gene by PCR and the three used conventional methods. (Table 6) 
DISCUSSION
Urinary tract infections are serious health threat with respect to antibiotic resistance which, biofilm production being the prime cause. Biofilms play a significant role in colonization during infection, providing an opportunity for the bacteria to develop drug resistance. Biofilm forming bacteria are encased in a well-hydrated matrix composed of secreted exopolymeric substances, proteins and nucleic acids from deadlysed cells that affords protection against host immune clearance and antibiotic therapy (13,14) . In this study, E. coli was the most frequently isolated uropathogen (43.8%). This finding was in close association with other studies (15,16,6 ) . In the current study, biofilm production was seen in 45.6% of uropathogens. Similar studies showed 54% and 44.85% of biofilm production by uropathogens from UTI (Hassan et al., 2011 and Abdagire et al., 2014). Production of biofilm was seen in 89 (63.6%) isolates of E. coli, followed by Staphylococcus aureus 20 (39.2%) and enterococcus faecalis 14 (58.3%). This results was similar to other studies (17,6) . The detection of the biofilm production by tube adherence method ,Congo Red agar method and microtiter plate method was seen in 38.1%, 36.9% and 45.6 % respectively , difference between detection rates of biofilm production by three methods was statistically non significant This was in accordanace with other studies (6) . In this study Congo red agar method was significant with microtiter plate result (P value =0.01%) and non significant with tube method. Difference between results of CRA and MTP methods can be attributed to the fact that phenotypic expression of biofilm formation is highly sensitive to in vitro conditions and hence can be detected variably by different methods. Also, both tests measure the same phenomenon but in different ways. CRA has been used as indirect indicator of polysaccharide production.
(18)
The microtitre plate test is a convenient and economical quantitative technique for the identification of critical factors and optimal culture conditions for biofilm formation while it is a very sensitive test, it has a low specificity . They found that 57% of the strains were positive for the icaA and icaD genes, and three of these strains were negative by the CRA test.
Some experimental evidence supports the development of new clones referred as biofilm negative with icaD gene positive (18) . However, the presence of the gene was best correlated with a positive CRA test (23, 24, 25) .
It was also verified that 16% of the 66% strains that produced biofilms in the MtP test were negative for icaA and icaD by PCR. The biofilm formation by strains that did not have the ica gene in this study could be explained by the presence of other genes, such as bap, which can compensate for a deficiency of ica gene (26) . Also, The inability of Staphylococcus isolates that were positive for icaD gene to produce biofilm in vitro can be due to point mutation in the locus and/or any other yet unidentified factors that negatively regulate polysaccharide intercellular adhesion synthesis or influence biofilm formation. Toledo-Arana et al. said that the biofilm forming capacity of E. faecalis clinical isolates is restricted to those harboring esp gene which promotes its primary attachment and biofilm formation (27) . Upadhyaya et al. found that, there were five clinical isolates that produced biofilm independent of the esp gene (14) . Another study has also shown such strains (28) . Valet et al. found that cupA system is expressed and functions in surface adherence and may function at distinct stages of biofilm formation (29) .
Conclusion
From this study we have concluded that the ability of slime production, adherence and biofilm formation of uropathogenic strains had significant role in antibiotic resistance. Biofilm formation is the major virulence determinant of uropathogen, so it is necessary to screen all urinary isolates for biofilm production.
The Congo red method, presents significant relation when compared with molecular analysis to biofilm producers (Pseudomonas aeruginosa and Staph. aureus)
Recommendations
As drug resistance is a major problem in uropathogens, it is important to prevent the colonization of the organism by finding novel methods to prevent biofilm formation. Currently, there is more urgency to define the reservoirs for colonization and the routes of transmission of uropathogens since few therapeutic options exist for treatment.
